Previous results have demonstrated that rats' rates of lever pressing for 1 % liquid sucrose increase if a period of food-pellet reinforcement will soon occur (i.e., positive induction). The present study investigated whether this induction would be altered by changes to the amount of time the reinforcers were available and/or by their temporal relation to one another. In Experiment 1, subjects responded in 50-min sessions in which 1 % sucrose reinforcement was delivered in the initial portion of the session and food pellets were delivered in the final portion. The lengths of these portions varied across conditions. Similar induction effects were observed across conditions. In Experiment 2, subjects responded for sucrose reinforcement in the initial portion of the session followed 25 min of food-pellet reinforcement. The length of the initial portion varied across conditions. Similar induction effects were again observed across conditions. In Experiment 3, subjects responded on a multiple schedule in which 1 % sucrose was always delivered in the first component and food pellets were always delivered in the second. Component duration was varied across conditions. Results showed that response rates for sucrose varied inversely with component duration, but these results may have been due to poor discrimination between components at short component durations. Thus, Experiment 4 replicated the procedure of Experiment 3 except, in the second component, the lever was removed from the chamber and food pellets were delivered independently of responding. Response rates for sucrose did not vary with component duration in this procedure. The present results indicate that the present induction effect is relatively robust against changes in component variables. They also suggest that the effect is fairly general, with the controlling factors likely occurring at a molar level.
Previous studies have shown that food-pellet reinforcement, when upcoming in the second half of the experimental session, causes an increase in rats' rate of operant responding for liquid-sucrose reinforcement in the first half (i.e., a positive induction effect; Weatherly, Davis, & Melville, 2000; Weatherly, Stout, Davis, & Melville, 2001; Weatherly, Stout, McMurry, Rue, & Melville, 1999) . It is at present unknown why this increase occurs, although several studies have investigated potential explanations. For example, it is possible that the induction occurs because subjects emit "anticipatory" responses for the food pellets prior to their availability, thus artificially producing an increase in responding for the sucrose reinforcement. However, results from Weatherly, Himle, Plumm, and Moulton (2001, Experiment 3) question this explanation. In their experiment, rats responded for sucrose reinforcement in the first half of the session on one lever and for foodpellet reinforcement in the second half of the session on a separate lever. Results showed that subjects emitted "anticipatory" responses in the first half of the session on the lever that would deliver food-pellet reinforcers in the second half. However, response rates on the lever delivering sucrose reinforcers were still higher than observed in the control condition in which sucrose reinforcement was available during both halves of the session (i.e., induction was still observed).
Also unknown at this time is whether the increase in responding for sucrose is dependent upon the period of time that each, or either, type of reinforcer is available. In other words, it is possible that the induction may depend on the ratio of sucrose to food-pellet availability. It is also possible that it may simply depend upon the amount of time food pellets (or sucrose) will be available during the session. The present study was an attempt to determine which, if either, of these possibilities was correct.
Investigating whether this positive induction effect is sensitive to changes in the temporal access to differential reinforcement is important because such access has been shown to be influential in other, potentially related phenomena. One such phenomenon is behavioral contrast (Reynolds, 1961) , which is said to occur when the rate of operant behavior in one unchanged component of a multiple schedule of reinforcement varies inversely with the conditions of reinforcement in another, changed component (McSweeney & Norman, 1979) . Studies of behavioral contrast have shown that contrast is most likely to occur under conditions in which the unchanged component is short and the changed component is long (see McSweeney & Weatherly, 1998 , for a review). Given that the above induction effect represents a change in operant behavior in an unchanged situation/component (i.e., the first half of the session) because of a change in the conditions of reinforcement in another situation/component (i.e., the second half of the session), one might predict a similar finding for induction. On balance, given that the change behavior observed with positive induction is in the opposite direction to that observed with behavioral contrast (i.e., a direct, rather than an inverse, relationship between the rate of operant behavior in an unchanged component and the conditions of reinforcement in another component), one might question whether the same functional relations would exist.
The present study was composed of four experiments. In Experiment 1, we varied the amount of time per session that each type of reinforcer (1% sucrose or food pellets) was available while keeping session length constant (50 min). Across conditions, the period of sucrose reinforcement was followed by 0, 10, 20, 30, or 40 min of food-pellet reinforcement. In Experiment 2, subjects responded for 1 % sucrose reinforcement throughout the session in the control conditions or for 1 % sucrose followed by foodpellet reinforcement in the treatment conditions. Across treatment conditions, we varied the amount of time per session that 1 % sucrose reinforcement was available while keeping the amount of time that foodpellet reinforcement was available constant at 25 min per session. In Experiment 3, subjects responded for 1 % sucrose and for food-pellet reinforcement delivered by a multiple schedule of reinforcement during the 50-min session. Across conditions, the length of each component (and thus how frequently components alternated) was varied from 30 (100 component presentations per session) to 1500 s (2 component presentations per session). In Experiment 4, the procedure of Experiment 3 was replicated with the exception that, in the food-pellet component, the food pellets were delivered by a time schedule of reinforcement and the lever was retracted so that responding could not occur.
Experiment 1
In Experiment 1, the ratio of 1 % sucrose to (upcoming) food-pellet reinforcement availability within the 50-min session was varied across conditions. If induction in responding for sucrose when food-pellet reinforcement is upcoming is sensitive to the ratio of sucrose to food-pellet availability, then any induction observed for responding for sucrose in Experiment 1 should change with changes in that ratio. If, however, the induction is insensitive to changes in this ratio, then a similar induction effect should be observed in each condition in which food-pellet reinforcement is available.
Method
Subjects. The subjects were 6 experimentally experienced male rats of the Sprague-Dawley strain that were originally obtained from the Center for Biomedical Research on the University of North Dakota campus. All subjects had previous experience lever pressing for sucrose and for food-pellet reinforcement delivered by intermittent schedules of reinforcement. Subjects were individually housed and kept at approximately 85% of their free-feeding body weights by postsession feedings or by daily feedings on days in which sessions were not conducted. Water was freely available (only) in the home cage. Subjects experienced a 12/12 hr light/dark cycle with lights on at 0700 hr. Experimental sessions were conducted during the light cycle.
Apparatus. Subjects responded in a Coulbourn Instruments operant chamber that measured 30.5 cm (L) x 25 cm (W) x 28.5 cm (H). A 1.5-cm diameter houselight was centered on the back wall of the chamber, 2.5 cm below the ceiling. Two 3.5-cm-wide by 0.1-cm-thick response levers were located on the front panel of the chamber. These levers extended 2 cm into the chamber and required a force of approximately 0.25 N to depress. They were 6.5 cm above the grid floor, 2.5 cm from the either the left or right walls. A panel of three stimulus lights, each 0.6 cm in diameter, was located 5 cm above each lever. The middle light was yellow and centered above the lever, with the red and green lights 0.6 cm to the left and right, respectively. In the center of the front panel, 2 cm above the grid floor, was a 3.2S-cm-wide x 3.75-cm-high x 2.S-cm-deep opening that allowed subjects access to a trough into which the reinforcers were delivered. A pellet dispenser behind the front panel delivered food-pellet reinforcers to the trough. Liquid reinforcers were delivered to the trough via a syringe pump located outside of the apparatus. The chamber itself was situated inside a sound-attenuating cubicle, with a ventilation fan masking outside noises. An IBM-compatible computer, connected to a Coulbourn Instruments Universal Linc and running Graphic-State Software, programmed the experiments and recorded data. Both the computer and control equipment were located in an adjacent room.
Procedure. Because the subjects were experimentally experienced, they were immediately placed on the experimental procedure. Experienced, rather than naIve, subjects were utilized because previous research on the present positive induction effect has demonstrated that similar results are obtained with either type of subject (e.g., Weatherly et al.,2000) .
Subjects responded in 50-min sessions, during which pressing the left lever was reinforced on a random-interval (RI) 60-s schedule. Reinforcers were made available at a probability of 0.01 every 0.6 s, except when a reinforcer had been programmed but not yet collected. In such instances, the interreinforcer interval did not advance. The reinforcer was either 0.2 ml of 1 % liquid sucrose (v/v mixed with tap water) or a 45-mg food pellet (P. J. Noyes, Formula All). Neither the session timer nor the interreinforcer interval advanced during reinforcer delivery. The houselight was continuously illuminated throughout the session while the lettlred light above the left lever was illuminated except during reinforcer delivery. Presses on the right lever were recorded but had no consequence.
Subjects responded in five different conditions (i.e., a completely within-subjects design was employed). In one condition, 1 % sucrose reinforcers were available throughout the session. In the remaining four, subjects responded for 1 % sucrose reinforcers during the initial 40, 30, 20, or 10 min of the session and for food-pellet reinforcers during the final 10, 20, 30, or 40 min, respectively. During sessions in which a switch in reinforcer type occurred, no extereoceptive stimulus accompanied the switch (i.e., subjects responded on a mixed schedule of reinforcement).
Furthermore, if a 1 % sucrose reinforcer had been programmed, but not collected, it was canceled. A new interreinforcer interval (also a RI 60-s schedule) was initiated for the food-pellet reinforcement.
The order of the five different conditions was randomly determined prior to beginning the experiment. Of the 6 subjects, 3 responded in the following conditions in the following order (with the two numbers indicating the number of minutes in the 50-min session that 1 % sucrose and food-pellet reinforcement, respectively, were available): 20 -30, 50 -0, 40 -10, 10 -40, and 30 -20 . The remaining 3 subjects experienced these conditions in the reverse order. Each of the conditions was conducted for 20 consecutive sessions. Sessions were conducted once per day, 5-7 days per week.
Results and Discussion
Figure 1 displays the results from Experiment 1. It presents the rate of responding (in responses/min) for each reinforcer in each condition plotted as a function of the amount of time that 1 % sucrose was available during the session. Each bar represents the mean for all subjects calculated using data from the final five sessions that each condition was conducted. Response rates were calculated by dividing the total number -z ~ .... of responses for each reinforcer by the number of min each reinforcer was available. The error bars represent the standard error of the mean across all subjects for that particular measure. Several findings are apparent in Figure 1 . First, food pellets maintained higher response rates than did 1 % sucrose. Second, foodpellet reinforcement produced positive induction in responding for 1 % sucrose. Response rates for sucrose were higher when food-pellet reinforcement would be delivered later in the session than when it would not be available (i.e., than observed in the 50 -a condition). Third, the size of positive induction was relatively stable across conditions that differed in the amount of time sucrose and/or upcoming food-pellet reinforcement was available. That is, response rates for 1 % sucrose were similar across all conditions in which food-pellet reinforcement would be available. Finally, rates of responding for food-pellet reinforcement did not appear to vary as a function of the length of time sucrose and/or foodpellet reinforcement was available.
Results from statistical analyses were entirely consistent with these impressions. A one-way repeated measures analysis of variance (ANOVA), conducted on the rates of responding of individual subjects for 1% sucrose reinforcement in each condition, was Significant, F(4, 20) = 4.77, P < .007, indicating that subjects responded at different rates for sucrose across the different conditions. A follow-up ANOVA, which was identical to the previous analysis except that it excluded data from the 50 -a condition, was not significant. Taken together, these results suggest that induction was observed, but that its size did not differ across conditions in which food-pellet reinforcement would be available.
A one-way repeated measures ANOVA, conducted on subjects' response rates for food pellets in each condition in which food-pellet reinforcement was available was not significant. This result suggests that alterations in the amount of time that sucrose and food-pellet reinforcement were available did not alter rates of responding for the food pellets.
Experiment 1 was designed to determine whether altering the amount of time that sucrose and food-pellet reinforcement were available during a 50-min session would alter the positive induction in responding for sucrose produced by upcoming food-pellet reinforcement. The results indicate that, at least across the range times tested, positive induction is insensitive to the ratio of sucrose reinforcement to food-pellet reinforcement availability. Similar response rates for sucrose were observed across the four conditions in which food-pellet reinforcement was upcoming within the session despite these conditions differing in the amount of time sucrose and food-pellet reinforcement were available.
Experiment 2
Although similar induction effects were observed across different availability ratios in Experiment 1, several possible explanations can account for such results. One is that the induction is controlled by the simple presence of food-pellet reinforcement and not by the length of time sucrose or food-pellet reinforcement is available (or by the total amount of these reinforcers that could be obtained). However, it is also possible that changes in the availability of sucrose or food-pellet reinforcement can independently influence induction, but because their availability covaried across conditions in Experiment 1, this influence was masked.
Experiment 2 was designed to control for this latter possibility. If changes in the amount of time sucrose reinforcement is available can influence the size of induction, then such changes should alter induction if the amount of time upcoming food-pellet reinforcement is available is held constant. On balance, if the presence of food-pellet reinforcement is the controlling factor, then one would predict similar overall rates of responding for sucrose when food-pellet reinforcement was upcoming regardless of the length of time sucrose reinforcement was available.
Method
Subjects and apparatus. The subjects were 5 experimentally experienced male Sprague-Dawley rats. They were not those used in Experiment 1. They were obtained, housed, and maintained as were subjects in Experiment 1. They also responded in a similar chamber.
Procedure. Because the subjects had previous experience lever pressing for sucrose and food-pellet reinforcement, they were immediately placed on the experimental procedure. The subjects responded in a total of eight conditions (Le., a within-subjects designed was employed). In four, pressing the left lever was reinforced with 0.2 ml of 1 % sucrose delivered by a RI 60-s schedule (which was programmed identically as in Experiment 1) throughout the entire session. In the other four, the subjects responded for 1 % sucrose reinforcers during the initial portion of the session and for 45-mg food-pellet reinforcers during the final 25 min of the session. As in Experiment 1, when a switch in reinforcer type occurred, no overt extereoceptive stimulus accompanied the switch. Also, if a 1 % sucrose reinforcer had been programmed, but not collected, it was canceled and a new interreinforcer interval was initiated.
Across conditions, the length of the session varied from 35 to 65 min, with a 1% sucrose condition (1%-1%) or a 1% sucrose-food pellet condition (1 %-FP) conducted at each different session length. As in Experiment 1, condition order was randomized prior to the inception of the experiment. Three subjects received the conditions in the following order (with the number representing the session length in min): 45 (1 %-FP), 65 (1%-1%), 45 (1%-1%), 65 (1%-FP), 35 (1%-1%), 55 (1%-FP), 55 (1%-1%), and 35 (1%-FP). The remaining 2 subjects experienced the reverse order of conditions. As in Experiment 1, each condition was conducted for 20 consecutive sessions, with sessions conducted once per day, 5 to 6 days per week. Figure 2 displays the results from Experiment 2. In it, the dark bars present the rate of responding (in responses/min) for the mean of all subjects responding for 1 % sucrose during the first 10, 20, 30, and 40 min of the 35-, 45-, 55-, and 65-min, respectively, 1 %-FP conditions. The white bars present the rate of responding when subjects responded for 1 % sucrose during the first 10, 20, 30, and 40 min of the 35-, 45-, 55-, and 65-min, respectively, 1%-1% sessions. The striped bars present the rates of responding for food-pellet reinforcement in the four 1 %-FP conditions. Again, results were calculated using the final five sessions of each condition and the error bars represent the standard error of the mean across all subjects for that particular measure. The results in Figure 2 indicate that the rates of responding for 1 % sucrose were higher in the 1%-FP conditions than in the 1%-1% conditions. In other words, positive induction in responding for 1 % sucrose was observed in conditions in which food pellets, rather than sucrose, would be available during the final 25 min of the session. The size of the induction, however, did not appear to differ as a function of the length of time 1 % sucrose reinforcement was available at the beginning of the session.
Results and Discussion
The results from statistical analyses were again consistent with these impressions. A two-way (Upcoming Reinforcer x Amount of Time) repeated measures ANOVA, conducted on the rates of responding for 1 % sucrose by individual subjects, resulted in a significant main effect of upcoming reinforcer, F(1, 4) = 11.41, P < .028, indicating that upcoming food-pellet reinforcement increased response rates for sucrose. The main effect of amount of time was also significant, F(3, 12) = 3.99, P < .035, indicating that the overall rate of responding for sucrose generally decreased the longer sucrose reinforcement was available. The interaction term was not significant. To determine whether the significant main effect of time represented a difference in response rates for sucrose during the 1 %-FP conditions, a follow-up, one-way repeated measures ANOVA was conducted on the response rates for sucrose in only the 1 %-FP conditions. The result was not significant, suggesting that upcoming food-pellet reinforcement produced similar rates of responding for 1 % sucrose across the different 1 %-FP conditions.
As in Experiment 1, responding for food-pellet reinforcement did not vary as a function of sucrose availability. A one-way repeated measures ANOVA, conducted on subjects' response rates for food pellets in the 1 %-FP conditions, was not significant.
Experiment 2 was designed to determine whether changes in the availability of sucrose reinforcement could independently influence induction produced by upcoming food-pellet reinforcement. The results indicate that, at least for the time lengths tested, when the availability of upcoming food-pellet reinforcement is held constant at 25 min, the size of induction is not altered by alterations in the amount of the time sucrose reinforcement is available. Together, the results from Experiments 1 and 2 suggest that the induction occurs simply because food-pellet reinforcement is upcoming, and not because of the amount of time either sucrose or food-pellet reinforcement will be available during the session.
Experiment 3
The results of Experiments 1 and 2 demonstrate that changes in the amount of time either 1 % sucrose or food-pellet reinforcement are available within the session has little influence on the presence or size of positive induction. The results from those experiments do not, however, rule out the possibility that other temporal variations in the availability of the two reinforcers might alter the induction. That is, in both experiments, 1 % sucrose reinforcement was available at the beginning of the session and food-pellet reinforcement, when delivered, was available at the end of the session. It remains possible that, if the placement of those reinforcers were varied, so too would be the observed induction.
Experiment 3 was designed to alter how often food-pellet reinforcement was available during the session while keeping constant the total amount of time that 1 % sucrose and food-pellet reinforcement were available during the session. Specifically, during 50-min sessions, subjects responded on a multiple schedule of reinforcement in which 1 % sucrose reinforcement was always available during the first component and food-pellet reinforcement was always available during the second component. Across conditions, component duration was varied from 30 to 1500 s. If induction occurs simply because of the presence of food-pellet reinforcement within the session, then similar induction effects should be observed across conditions because food-pellet reinforcement was always available during exactly half of the session. However, if temporal factors can contribute to the induction, then different induction effects might be observed across conditions that differ in terms of how often food-pellet reinforcement becomes available.
Method
Subjects and apparatus. The subjects were 6 experimentally experienced male Sprague-Dawley rats. These subjects were not those used in the previous two experiments, but had similar previous experience. They were obtained, housed, and maintained in a manner similar to the previous experiments. They also responded in an operant chamber similar to the ones used in the previous experiments.
Procedure. Because subjects were experimentally experienced, they were immediately started on the experimental procedure. Pressing the left lever was reinforced on a multiple RI 60-s RI 60-s schedule during 50-min sessions. In the first component, the red/left light above the left lever was illuminated and the reinforcer was 0.2 ml of 1 % sucrose. In the second component, the green/right light above the left lever was illuminated and the reinforcer was a 45-mg food pellet. Reinforcers were programmed as described in Experiment 1. At the end of each component, if a reinforcer has been programmed but not yet collected, it was cancelled (i.e., uncollected reinforcers were not held over to the next presentation of that component).
Subjects responded in a total of six conditions. Across conditions, component durations were 150, 60, 300, 750, 30, or 1500 s. Three subjects experienced the conditions in the order listed. The remaining 3 experienced them in reverse order. As in the previous experiments, each condition was conducted for 20 consecutive sessions. Figure 3 presents the results from Experiment 3. The top graph presents the rate of responding (in responses/min) for the mean of all subjects responding for each reinforcer as a function of component duration. The dark bars represent the rate of responding for 1 % sucrose; the striped bars represent the rate of responding for the food pellets. The bottom graph presents the discrimination ratio of responding for foodpellet reinforcement (i.e., rate of responding for food pellets / rate of responding for food pellets + rate of responding for 1 % sucrose) across different component durations. The function in the bottom graph represents the mean discrimination ratios across subjects. For both graphs, the error bars represent the standard error of the mean across subjects for a particular measure. Results were again calculated using the last five sessions of each condition. The data in Figure 3 indicate that, across conditions, food pellets maintained higher rates of responding than 1 % sucrose. However, changes in component duration appeared to have a different influence on responding for the two reinforcers. As can be seen in the top graph of Figure 3 , rates of responding for 1 % sucrose decreased with increases in component duration. Rates of responding for food pellets, however, tended to be higher at the longer component durations than at the shorter ones. The former finding might suggest that the size of induction varied with variations in component duration. However, coupled with the latter finding, it is also possible that the change in response rate for 1 % sucrose occurred because of changes in discrimination rather than to a change in induction. The data in the bottom graph illustrate this idea. Subjects' ability to discriminate between food-pellet and 1 % sucrose reinforcement appeared to increase with increases in component duration. Thus, it is possible that similar rates of responding were observed for the two different reinforcers at short component durations because subjects were unable to discriminate whether they were responding for 1 % sucrose or for food pellets. This idea also has merit because the shortest component duration (30 s) was shorter than the average interreinforcer interval (60 s). As the component length increased, discrimination may have increased, which may have led to rates of responding for food pellets increasing and rates for sucrose decreasing.
Results and Discussion
Results from statistical analyses provide support for this possibility. A one-way repeated measures ANOVA, conducted on the rates of responding by individual subjects for 1 % sucrose across the different component durations, was significant, F(5, 25) = 3.B2, P < .01, indicating that response rates for sucrose changed with changes in component duration. An identical one-way ANOVA conducted on the rates of responding for food pellets was also significant, F(5, 25) = 4.05, P < .OOB, indicating that response rates for food pellets also changed across conditions. A one-way repeated measures ANOVA conducted on the discrimination ratios of individual subjects was also significant, F(5, 25) = 1B.97, P < .001.
Thus, the results of Experiment 3 suggest that, when subjects respond for 1 % sucrose and for food-pellet reinforcement in alternating components of a multiple schedule, changes in component duration change the rate of responding for the sucrose reinforcement. However, it cannot be determined why such a change takes place. One possibility is that induction varies inversely with component duration. A second possibility is that the results observed in Experiment 3 represented a change in subjects' ability to discriminate for which reinforcer they were responding rather than a change in the size of induction.
Experiment 4
It is possible that, in Experiment 3, the rates of responding for sucrose were artificially inflated during the short components because, during the sucrose component, subjects were responding for the food pellets. Experiment 4 investigated this possibility by replicating the procedure used in Experiment 3, but ensuring that discrimination between the sucrose and food-pellet components was perfect. To do so, the lever was retracted from the chamber during the food-pellet component so that no responding for the food pellets could occur during that component. Thus, subjects had to respond for 1 % sucrose, but never responded for food pellets (which were delivered independently of responding by a random-time (RT) schedule). If the results of Experiment 3 were due to changes in component duration, then similar changes in responding for sucrose should be observed in Experiment 4. However, if those results occurred because components of different durations differed in their discriminability, then response rates for 1 % sucrose in Experiment 4 should not vary with component duration.
Method
Subjects and apparatus. The subjects were the same 6 subjects that served in Experiment 1. They were housed and maintained identically to Experiment 1. They also responded in an apparatus that was similar to that used in Experiment 1, with two exceptions. First, there was only one lever (located on the left side of the front panel). Second, the lever could be retracted from the chamber.
Procedure. Because subjects were experimentally experienced, they were immediately placed on the experimental procedure. As in Experiment 3, subjects responded in 50-min sessions with a multiple schedule of reinforcement providing 0.2-ml 1 % sucrose reinforcers in the first component and 45-mg food-pellet reinforcers in the second component. The only difference from the procedure used in Experiment 3 was that, during the food-pellet component, the lever was retracted from the chamber and the food pellets were delivered by a RT schedule (programmed identically to the RI schedule except that no response was required for the reinforcer to be was delivered). Put technically, subjects responded on a multiple RI 60-s (1 % sucrose) RT 60-s (food pellet) schedule.
As in Experiment 3, six conditions were conducted that differed in terms of component duration. The component durations were again 150, 60, 300, 750, 30, and 1500 s, conducted in that order for 3 subjects and in reverse order for the remaining 3 subjects. Again, each condition was conducted for 20 consecutive sessions, with sessions conducted daily, 5 to 7 days per week. Figure 4 presents the rate of responding (in responses/min) for the mean of all subjects responding for 1 % sucrose as a function of component duration. Two of the subjects died prior to the completion of the experiment (1 in each group of 3 experiencing a particular order of conditions). Data from these subjects were not analyzed. Otherwise, Figure 4 was constructed similarly to the top graph of Figure 3 . As can be seen in Figure 4 , similar rates of responding for 1 % sucrose were observed at each component duration. Results from a oneway repeated measures ANOVA, conducted on the response rates of individual subjects, were not significant. Therefore, the results of Experiment 4 support the conclusion that component durations of different lengths do not alter induction in responding for 1 % sucrose produced by food-pellet reinforcement. Concurrently, they suggest that the results from Experiment 3 were most likely produced by a failure of subjects to discriminate between the two reinforcers.
Results and Discussion
A visual comparison of the results in the top graph of Figure 3 and those in Figure 4 suggests that response rates for sucrose were higher in Experiment 3 than in Experiment 4. If this difference were real, it would suggest that the mere fact that subjects had to respond for the food pellets in Experiment 3 produced an increase in response rates for sucrose. This idea has some independent support. Weatherly, Moulton, and Ritt (2002, Experiment 3) reported that, although upcoming non contingent food-pellet reinforcement produced an induction effect for responding for sucrose in the first half of the session, the size of the induction was significantly lower than that observed when upcoming foodpellet reinforcement would be delivered contingent on responding.
In fact, one could argue that data from the present study indicate that delivering noncontingent food pellets eliminated induction in Experiment 4 altogether. The subjects in Experiment 4 were also those employed in Experiment 1. Therefore, a one-way repeated measures ANOVA was conducted which analyzed the rates of responding in the six conditions of Experiment 4 and the 50-0 condition (in which only sucrose reinforcement was delivered) of Experiment 1. Only the data from the 4 subjects who completed Experiment 4 were used from Experiment 1 . The results of this analysis were not significant, suggesting that induction was indeed absent in Experiment 4. However, this conclusion should be interpreted with caution. Although the statistical results were not significant, the mean response rate from the 50-0 condition of Experiment 1 was lower than that observed in any condition in Experiment 4. Furthermore, it is possible that order effects, age, and/or differences between the apparatuses may have somehow influenced the results from this comparison.
General Discussion
The present experiments were designed to determine whether changes in the temporal access to either sucrose or food-pellet reinforcement would alter the induction observed for responding for sucrose reinforcement when food-pellet reinforcement is available within the same session. The results from Experiments 1 and 2 support the conclusion that the induction effect is relatively insensitive to changes in the temporal access to either reinforcer. Rather, the induction appears to occur similarly when food-pellet reinforcement will be delivered during the session regardless of how long it will be available or in what ratio it will be available compared to sucrose reinforcement. The results from Experiments 3 and 4 further support this conclusion, and also suggest that how frequently subjects switch between sucrose and food-pellet reinforcement does not alter the observed induction. This last conclusion, however, may be mediated by how well subjects can discriminate the periods of differential reinforcement.
The present results have implications at the empirical, theoretical, and applied level. At the empirical level, they demonstrate that rats' operant behavior for a low-valued reward (i.e., 1 % sucrose) is influenced by the presence of high-valued reward (i.e., food pellets) in a fairly general way. Food-pellet reinforcement produced an increase in responding for 1 % sucrose despite changes in the temporal availability of food-pellet and/or sucrose reinforcement or how frequently the two reinforcers were available relative to each other. Thus, researchers interested in the study of the present induction effect would be advised to pursue independent variables other than the temporal characteristics of reinforcer availability. However, because the induction appears to be fairly robust against changes in these temporal characteristics, researchers who use differential reinforcement (and who wish to avoid producing an induction effect) should be on the alert.
The present study has several implications at the theoretical level. As noted above, the procedures that have typically been employed to produce induction (e.g., Experiments 1 and 2) possess procedural similarities to those used to produce behavioral contrast, yet the opposite change in the rate of behavior is observed. By finding that induction is not altered by changes in the ratio that reinforcement in the two components is available or by changes in component duration, the present results differ from research on behavioral contrast (see McSweeney & Weatherly, 1998) . This difference may indicate that the theoretical mechanisms that produce induction differ from those that produce behavioral contrast. This conclusion seems to be supported by the results from Weatherly, King, and Arthur (2002) who, across eight experiments, manipulated variables known to alter behavioral contrast and found little evidence that those factors alter the induction effect reported in the present paper.
The difference in results between Experiments 3 and 4 appears to suggest that subjects' ability to discriminate between components may playa role in whether induction or contrast is observed. Specifically, the results of Experiment 3 suggest that poor discrimination may result in a large induction effect. Similarly, research on behavioral contrast has suggested that contrast is not likely to be observed when discrimination between components is poor (e.g., Gutman, Minor, & Sutterer, 1984) . However, results from Weatherly, King, and Arthur (2002) severely question whether discrimination is a key factor in whether induction or contrast is observed. They conducted several different experiments in which rats responded on a multiple RI RI schedule. In treatment conditions, 1 % sucrose reinforcers were delivered in the first component and food-pellet reinforcers were delivered in the second. Across experiments, the authors attempted to vary factors known to enhance discrimination, such as having subjects respond on different levers in the two components, removing the opposing lever during a particular component, and increasing the rate of reinforcement. Despite manipulating these factors, behavior contrast was never reliably observed in the 1 % sucrose component. In fact, these manipulations did little to alter the appearance of induction.
As for what is causing the induction, the present results indicate that the factors that are producing it are probably having their influence at the molar level. The present experiments manipulated several proximal temporal characteristics of reinforcement and found that they had little effect on the induction. In fact, the present results are completely consistent with the conclusion that, as long as food-pellet reinforcement will be available during the session, induction will be observed for responding for sucrose reinforcement. Thus, it seems reasonable to conclude that whatever mechanism is producing the induction may be doing so at the level of the entire session (e.g., lever pressing is reinforced at an overall higher "rate" in sessions that provide food-pellet reinforcement than in sessions that do not).
Finally, the present induction effect may have applied implications.
For most of us, it is not uncommon to decrease our food consumption because a highly palatable food will soon be available (e.g., "saving room for dessert"). This type of behavior is not limited to humans; nonhumans also "save room for dessert," an effect technically known as negative consummatory contrast (Flaherty & Checke, 1982; see Flaherty, 1996 , for a review). However, the present study shows that, in certain situations, nonhumans will increase their rate of food-maintained behavior if a highly valued food will soon be available. Given the apparent similarity between humans and nonhumans in terms of negative consummatory contrast, it seems possible that humans too might display a positive induction effect in certain situations. Finding out if they do, and determining in what situations they may show the effect, could potentially provide some insights in the area of eating disorders (e.g., obesity). Of course, such a connection is purely speculative at the present time. However, given our general lack of knowledge about the environmental factors that lead to eating disorders, further investigation into this possibility may be fruitful.
